ABSTRACT In the present study, we investigated 238 fleas collected from cats and dogs in three regions of Peru (Ancash, Cajamarca, and Lima) for the presence of Bartonella DNA. Bartonella spp. were detected by amplification of the citrate synthase gene (16.4%) and the 16S-23S intergenic spacer region (20.6%). Bartonella rochalimae was the most common species detected followed by Bartonella clarridgeiae and Bartonella henselae. Our results demonstrate that dogs and cats in Peru are infested with fleas harboring zoonotic Bartonella spp. and these infected fleas could pose a disease risk for humans.
Bartonella spp. are gram-negative bacteria that invade and replicate in mammalian erythrocytes and endothelial cells. They can be found in a variety of mammalian hosts, including domestic dogs and cats (Breitschwerdt 2000 , Chomel et al. 2006 , Billeter et al. 2013 . Some of these species can cause severe illness in humans like splenomegaly, hepatomegaly, encephalopathy, bacillary angiomatosis, peliosis hepatis, and endocarditis (Huarcaya et al. 2004 , Eremeeva et al. 2007 , Smith et al. 2007 , Maguiña et al. 2009 , Kaiser et al. 2011 , Edouard et al. 2015 .
The domestic cat is considered to be the natural reservoir for Bartonella henselae and Bartonella clarridgeiae, both causative agents of cat scratch disease. Cats can also be infected with other Bartonella spp. including Bartonella rochalimae, Bartonella koehlerae, Bartonella bovis, and Bartonella quintana (Kordick et al. 1999 , Sander et al. 1999 , Breitschwerdt 2008 , Kaiser et al. 2011 . Domestic dogs are believed to be one of the reservoirs for Bartonella vinsonii subspecies berkhoffii (Breitschwerdt et al. 2010 , Diniz et al. 2013 , Chomel et al. 2014 ) and can also be infected with B. henselae, B. clarridgeiae, and B. rochalimae, like domestic cats (Mexas et al. 2002; Chomel et al. 2006 Chomel et al. , 2014 Kaiser et al. 2011; Brenner et al. 2013 ).
Bartonella spp. have been shown to be transmitted by hematophagous arthropod vectors including fleas, lice, ticks, and sand flies (Chomel et al. 1996 , Billeter et al. 2008 , Bitam et al. 2010 , Kaiser et al. 2011 . Ctenocephalides felis (Bouché, 1835), the cat flea, is presumed to be the main vector for B. henselae and B. clarridgeiae (Chomel at al. 1996 , Higgins et al. 1996 , Boudebouch et al. 2011 . This is the most common flea to parasitize dogs and cats worldwide. Other fleas, such as Ctenocephalides canis, Pulex spp., and Echidnophaga gallinacea, are also found on cats and dogs (Dryden and Rust 1994 , Durden et al. 2005 , Bitam et al. 2010 , Coles and Dryden 2014 . Several studies, as reviewed by Bitam et al. (2010) , report the presence of bartonellae DNA in these flea species, suggesting their roles as potential vectors of Bartonella.
In Peru, bartonellosis is a commonly reported disease caused by Bartonella bacilliformis (Huarcaya et al. 2004 , Maguiñ a et al. 2009 ). However, other Bartonella spp., such as B. quintana, B. henselae, B. clarridgeiae, B. rochalimae, and Candidatus B. ancashi have also been identified in humans or their pets (Huarcaya at al. 2002 , Aguilar et al. 2008 , Cáceres et al. 2013 , Mullins et al. 2013 , Miranda-Choque et al. 2014 . In fact, B. rochalimae was first isolated from an American tourist who was traveling to Peru. She reportedly received numerous insect bites and developed fever, bacteremia, and splenomegaly (Eremeeva et al. 2007) .
The objective of this study was to determine the presence and prevalence of Bartonella spp. in fleas of domestic dogs and cats from different parts of Peru.
Materials and Methods
Study Site and Sample Collection. Fleas were collected from household animals in rural areas in the regions of Ancash and Cajamarca and urban areas in Lima between February 2007 and April 2013. Fleas were collected and stored at room temperature in 2-ml vials containing 70% alcohol at the Topical Medicine Institute "Daniel A. Carrió n" of the University Nacional Mayor de San Marcos prior to shipment to CDC, Fort Collins, for identification and processing.
Flea Identification. Fleas were identified to genus and species using a dissecting microscope and taxonomic keys (Furman and Catts 1982) . Due to the continuing debate of taxonomic differences between Pulex irritans and Pulex simulans (Dittmar 2003) , fleas identified from these species were grouped by genus only and labeled as Pulex spp.
Molecular Detection of Bartonella spp. Individual fleas were placed in a sterile 1.7-ml tube with 100 ml buffer and four sterile glass beads. The tubes were placed in a Mixer Mill MM200 (Retsch GmbH, Haan, Germany) for 15 min and then centrifuged at 3000 rpm for 15 min. The supernatant fraction was transferred to a new sterile tube. DNA was extracted using a QIAxtractor (QIAGEN, Valencia, CA) following the tissue protocol provided by the manufacturer.
A PCR assay was used to detect the presence of Bartonella DNA by amplification of the citrate synthase gene (gltA), using primers CS443f and CS1210r, as described by Billeter et al. 2011 , and the 16S-23S intergenic spacer region (ITS) using primers 325f and 1100r as described by Diniz et al. 2007 . Nuclease free water was used as a negative control and Bartonella doshiae DNA as a positive control. All positive samples were purified using a QIAquick PCR Purification Kit (QIAGEN, Valencia, CA) according to the manufacturer's instructions and sequenced with the Applied Biosystems 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA). Sequences were analyzed using Lasergene 11 software (DNAstar, Madison, WI).
Data Analysis. Fisher's Exact Test for Count Data was used to determine whether the Bartonella prevalence was influenced by the flea species and location of the specimen collection or whether the mammalian host had an effect on flea infection. All analyses were conducted in RSudio 2012 software (RStudio: Integrated development environment for R {version 0.96.122} Boston, MA, for R software, version 2.11.1 R Foundation for Statistical Computing, Vienna, Austria). P < 0.05 was regarded as significant.
Results
Fleas. A total of 238 fleas were collected from 31 dogs and 11 cats at locations within the Peruvian departments of Ancash, Cajamarca, and Lima. Majority of the fleas (140/238; 58.8%) were identified as Pulex spp.; among the remaining fleas, 85/238 (35.7%) were identified as C. felis, 12/238 (5%) as E. gallinacea, and a single specimen (0.4%) as Tiamastus cavicola. Of the 146 fleas collected from dogs, 90 (61.6%) were identified as Pulex spp., 44 (30.1%) as C. felis, and 12 (8.2%) as E. gallinacea. Of the fleas collected from cats, 50/92 (54.3%) were identified as Pulex spp., 41/92 (44.6%) as C. felis, and 1/92 (1.1%) as T. cavicola.
Bartonella spp. in Pulex spp. Fleas Collected From Dogs and Cats. Of the 90 Pulex spp. fleas collected from dogs, 24 (16.4%) were PCR positive for B. rochalimae using gltA and 29 (32%) using ITS. Of the 50 Pulex spp. fleas collected from cats, 12 (24.0%) were positive for Bartonella spp. using gltA and 17 (34%) using ITS. All sequences were identical to B. rochalimae (Table 1) .
Bartonella spp. in Other Flea Species Collected From Dogs and Cats. All C. felis, E. gallinacea, and T. cavicola fleas collected from dogs were PCR negative. Of the 41 C. felis fleas collected from cats, three samples harbored Bartonella spp. DNA using both gltA and ITS. Sequencing confirmed two samples were identical to B. clarridgeiae and one was identical to B. henselae (Table 1) .
Bartonella spp. Association With Host and Flea Species. Detection of Bartonella spp. did not show any correlation with the mammalian host (P ¼ 0.87, CI 0.47-1.86, OR 0.93), while it did show an effect on the flea species (P < 0.05). Pulex spp. were more likely to be infected with Bartonella than C. felis, E. gallinacea, and T. cavicola (P < 0.05, CI 0.014-0.24, OR 0.07).
Geographic Variation in the Distribution of Bartonella spp. DNA in Fleas. Location of sample collection did have an effect on the presence of Bartonella spp. in sampled fleas (P < 0.05). The highest difference in infection rate was found in Lima compared to Ancash (P < 0.05). There was no statistical difference between Lima and Cajamarca (P ¼ 0.72, CI 0.57-2.63, OR 1.2), although there was a significant difference between Ancash and Cajamarca (P < 0.01).
Discussion
In Peru, most of the research efforts focus on understanding the ecology and epidemiology of B. bacilliformis and its vector, the sandfly. However, results from this study indicate that other zoonotic Bartonella spp. are likely circulating in the country, specifically in domestic cats and dogs and their fleas.
We found a higher prevalence of Bartonella when using ITS compared to gltA. Other groups have found similar results, Nasereddin et al. (2014) found ITS to be more sensitive and more specific than gltA when detecting Bartonella in fleas.
Although C. felis is usually the predominant flea species found on dogs and cats worldwide Dryden 1997, Visser et al. 2001 ), this was not observed in our study. Most of the fleas collected, regardless of the host, were Pulex spp., and this genus of fleas were also infected with Bartonella species at a much higher prevalence. Although Pulex spp. are referred to as the human flea, this flea genus is commonly found feeding on a variety of other hosts, including cats and dogs (Bitam et al. 2010) . The fact that Pulex fleas are common on cats and dogs in Peru and can harbor zoonotic Bartonella spp. suggests they may represent a source for human infection in this country.
In our study, there was no correlation between the host and the detection of Bartonella spp. in fleas. It is interesting to note that although we found flea-infested dogs, we did not observe the presence of B. vinsonii subsp. berkhoffii in any of the fleas. This is a Bartonella spp. frequently detected in canines and has been reported in Peru (Birtles et al. 1999 ). There does appear, however, to be a correlation between Bartonella spp. and flea species; B. henselae and B. clarridgeiae were detected in C. felis and B. rochalimae in Pulex spp. This is also a phenomenon found by others and indicates that Pulex spp. may be the vector of B. rochalimae. (Gabriel et al. 2009 , Pérez-Martínez et al. 2009 ). Experimental studies are needed to confirm the vector competency of Pulex spp. in the transmission of this Bartonella sp.
Our results indicate that dogs and cats in Peru harbor fleas that are potentially infected with Bartonella spp. All Bartonella spp. (B. rochalimae, B. henselae, and B. clarridgeiae) found in this study are known to cause disease in humans. 
